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High water intake ameliorates tubulointerstitial injury in rats proved to be the best histological correlate of the decline
with subtotal nephrectomy: Possible role of TGF-b. in renal function and long-term prognosis [1, 2], the
Background. It has been shown that tubulointerstitial injury mechanism of injury has been studied intensively in glo-correlates well with a decline of renal function. In this study,
merular disease and to a far lesser extent in tubulointer-we investigated the effect of high water intake (HWI) on func-
stitial lesions. In recent years, the importance of tubulo-tional and structural parameters in rats with subtotal nephrec-
tomy. interstitial disease has been reaffirmed [2–4]. Concerning
Methods. Two weeks after the ablative procedure, rats were glomerular injury, increased glomerular pressure is ob-
divided into two groups. One group received the treatment served following a reduction in renal mass, and is shownwith HWI (3% sucrose added to drinking water) for eight
to be a major causative factor in the development ofweeks. Functional parameters were compared with sham-oper-
glomerulosclerosis [5]. Intraglomerular pressure is trans-ated control (CONT) or nephrectomized rats without treat-
ment (NX). Remnant kidneys were then assessed histologically mitted to the capillary wall by Laplace’s law and results
for evidence of interstitial fibrosis and glomerulosclerosis. in increased mechanical stretch to mesangial cells [6]. The
Results. Creatinine clearance was significantly improved in
mechanical stretch stimulates extracellular matrix pro-HWI rats compared with NX rats. Simultaneously, urinary
duction by up-regulating transforming growth factor-bprotein was also significantly reduced in HWI rats. HWI pre-
dominantly ameliorated interstitial lesions and, to a lesser ex- (TGF-b) mRNA expression [6, 7]. This hypothesis may
tent, glomerular lesions. Northern blot analysis demonstrated also be applicable to tubulointerstitial injury following
that transforming growth factor-b (TGF-b) mRNA expression a reduction in renal mass. Increased wall tension arising
was significantly suppressed in HWI rats. In situ hybridization
as a consequence of increased tubular size may provokerevealed that HWI suppressed TGF-b mRNA expression
tubular injury. Increased urinary flow rate, which is amainly in the outer medulla. Fibronectin mRNA was also re-
duced by the HWI treatment. The changes in TGF-b and fi- prompt response following a reduction in renal mass,
bronectin mRNA were in parallel with Na1/myo-inositol co- may lead to tubular damage through flow-dependent
transporter (SMIT) mRNA, which is regulated by extracellular effects on wall tension [2]. In this context, increased
osmolarity. Immunohistochemistry demonstrated that protein
water intake would deteriorate tubulointerstitial injuryexpression of TGF-b and fibronectin coincided with the mRNA
in rats with subtotal nephrectomy. However, these ratsexpression.
demonstrate decrements in renal hypertrophy, protein-Conclusion. These results suggest that HWI reduces TGF-b
mRNA expression in medullary interstitium and ameliorates uria, and mean arterial pressure [8], effects that were
tubulointerstitial injury in rats with reduced renal mass. ascribed to an inhibition of the process of urinary concen-
tration, which was reported to have effects similar to
those of protein restriction [8, 9]. Although the authors
Interstitial fibrosis, accompanied by loss of tubules and demonstrated that glomerulosclerosis was attenuated by
capillaries, is a common finding in all of the progressive high water intake (HWI) in subtotally nephrectomized
renal diseases. Although tubulointerstitial lesions have rats, the effects of HWI on tubulointerstitial lesions have
not been addressed.
The purpose of this study was to determine whetherKey words: ablation, transforming growth factor-b, interstitial fibrosis,
glomerulosclerosis, hypertonic stress, progressive renal disease. HWI would attenuate the structural and functional mani-
festations of renal injury, especially of tubulointerstitialReceived for publication July 31, 1998
injury, in subtotally nephrectomized rats. The role ofand in revised form December 3, 1998
Accepted for publication December 28, 1998 TGF-b and the involvement of hypertonic stress was
also investigated. 1999 by the International Society of Nephrology
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METHODS
Animals
Thirty adult male Sprague-Dawley rats weighing 250
to 300 g were used in this experiment. The animals were
maintained with ad libitum access to tap water and nor-
mal rat chow (Oriental Yeast Co., Tokyo, Japan). Ten
rats served as a control group and underwent sham oper-
ation without the destruction of renal tissue (CONT).
Twenty rats were subjected to a subtotal (5/6) nephrec-
tomy. The subtotal nephrectomy was performed by right
subcapsular nephrectomy and infarction of approxi-
mately two thirds of the left kidney by selective ligation
of two of three to four extrarenal branches of the left
renal artery.
Two weeks after ablative procedure, the nephrecto-
mized rats were divided into two groups. Ten rats (NX)
were maintained by the same procedure as the control
group. Another 10 rats received HWI by drinking water
containing 3% sucrose, as reported previously [10]. Six
weeks after the treatment (corresponding to eight weeks
after renal ablation), the rats were sacrificed under anes-
thesia achieved by intraperitoneal injection of pentobar-
bital. Six rats from each group were perfused trans-
cardially with a solution of 4% paraformaldehyde.
Kidneys from three rats were used for in situ hybridiza-
tion, and kidneys of the other three rats were used for
the histological analysis. Kidneys of four rats without
perfusion of paraformaldehyde were subjected to RNA
extraction.
Measurement of blood pressure and renal function
Blood pressure and renal function were measured two
and eight weeks after ablative procedure. Systemic blood
pressure was measured using tail-cuff plethysmography
(Bioresearch Center, Nagoya, Japan) in the awake rat.
The mean value of three measurement was determined
for each rat. Serum creatinine and urine creatinine were
measured by automated methods (Mitsubishi Kagaku
Bioclinical Laboratories, Tokyo, Japan). Plasma renin
activity (PRA) and plasma arginine vasopressin (AVP)
were measured by radioimmunoassay. Each rat was
placed in an individual metabolic cage, and urine was
collected for 24 hours to determine proteinuria and creat-
inine excretion. Urine protein was measured by the pyro-
gallol red protein assay as described [11].
Fig. 1. Renal function at two weeks following subtotal nephrectomy.Probes
Functional parameters in subtotally nephrectomized rats were mea-
Partial cDNAs of rat TGF-b1 and fibronectin (FN) sured at two weeks after the renal ablation. Abbreviations are: CONT,
sham-operated control; NX, disease control (subtotal nephrectomywere cloned according to the published sequences [12,
without treatment); HWI, subtotal nephrectomy treated with high water13] using polymerase chain reaction (PCR) amplifica-
intake. Results are shown as mean 6 sd of 10 rats. *P , 0.001 vs.
tion. Sequencing of the double-stranded DNA was done CONT; **P , 0.01 vs. CONT.
using fluorescence-labeled M13 forward or M13 reverse
primers on an automated sequencer (Perkin Elmer, Fos-
ter City, CA, USA) to confirm the sequences of the
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Table 1. Functional parameters at 8 weeks following subtotal nephrectomy
CONT NX HWI
Body wt g 445.6615.9 452.1 623.7 433.0631.8
Kidney wt g 1.7260.31 2.50 60.39c 2.3560.23e
Water intake ml/day 40.261.6 55.5 66.1 112.0655.1e
Urine volume ml 15.967.8 23.1 64.3 56.3619.8a,b
Urine osmolarity mOsm/liter 19886305 1151 6198a 4936199a,d
Urine urea mitrogen mg/day 257.3665.8 283.0 636.7 236.9692.7
AVP pg/ml 310.3685.6 656.3 6173.7e 374.0654.2f
PRA ng/ml/hr 19.863.5 5.9 64.5c 8.363.4c
Results are mean 6 sd of 7 rats. Abbreviations are: CONT, sham operated control; NX, disease control (subtotal nephrectomy without treatment); HWI, subtotal
nephrectomy treated with high water intake; AVP, arginine vasopressin; PRA, plasma renin activity.
a P , 0.001 vs. CONT
b P , 0.001 vs. NX
c P , 0.01 vs. CONT
d P , 0.01 vs. NX
e P , 0.05 vs. CONT
f P , 0.05 vs. NX
PCR products. A partial cDNA of rat Na1/myo-inositol and then treated with 0.25% acetic anhydride. The tissue
sections were hybridized for 24 hours at 558C in a buffercotransporter (SMIT) was cloned as reported previously
[14]. For Northern blot analysis, the TGF-b1 cDNA and [50% formamide, 10% dextran sulfate, 0.3 m NaCl, 1 3
Denhardt’s solution, 20 mm Tris-HCl, pH 8.0, 5 mm ethyl-FN cDNA were labeled by random priming (Redi-
primee; Amersham, Little Chalfont, Buckinghamshire, enediaminetetraacetic acid (EDTA), pH 8.0, 0.2% sarco-
syl, 200 mg/ml salmon sperm DNA, and 500 mg yeastUK) using [a-32P] dCTP (3000 Ci/mmol; Amersham).
For in situ hybridization, the partial clones of rat TGF-b tRNA] containing the 35S-labeled probes. The probe con-
centration was 1 3 106 cpm/200 ml per slide. After hybrid-cDNA, FN cDNA, and SMIT cDNA were subcloned
into pSPORT (GIBCO BRL, Gaithersburg, MD, USA). ization, the sections were immersed in 5 3 SSC at 558C,
rinsed in 50% formamide/2 3 SSC at 658C, and rinsedTo make 35S-labeled sense or antisense cRNA probes,
in vitro transcription was performed using T7 RNA poly- with RNase buffer (0.5 m NaCl, 10 mm Tris-HCl pH 8.0,
5 mm EDTA, pH 8.0) at 378C. The sections were thenmerase or SP6 RNA polymerase after linearizing by cut-
ting with appropriate restriction enzymes. washed in 50% formamide/2 3 SSC at 658C, rinsed with
2 3 SSC and 0.1 3 SSC at room temperature, dehydrated
Northern blot analysis in alcohol, and air dried.
Slides were initially exposed to x-ray film for threeTotal RNA was isolated from remnant rat kidneys at
eight weeks after renal ablation by acid-guanidium thio- days to provide an indication of the intensity of the
hybridization signal. They were then coated with Kodakcyanate-phenol-chloroform extraction (Trizol reagente;
Life Technologies, Gaithersburg, MD, USA). Hybridiza- NTB-2 emulsion diluted 1:1 with water. The sections
were exposed at 48C for two to three weeks in tightlytion was performed as described previously [14]. In brief,
aliquots of total RNA (20 mg) were separated on a 1% sealed, dark boxes. After being developed in Kodak
D-19, the sections were fixed with photographic fixeragarose formaldehyde gel and transferred to nylon mem-
brane (Hybond-Ne; Amersham) by capillary elution. and washed with water. They were then counterstained
with hematoxylin and eosin to allow morphological iden-Using 32P-labeled probes, hybridization was carried out
at 428C overnight in 50% formamide, 5 3 SSC, 0.1% tification.
To determine the specificity of the hybridization sig-sodium dodecyl sulfate (SDS), 0.5 m sodium phosphate
buffer, 5 3 Denhardt’s solution, and 100 mg/ml salmon nals, consecutive sections were hybridized with either
antisense or sense probe. No specific signal was detectedsperm DNA. The membrane was washed with 1 3 SSC/
0.1% SDS at 558C and subjected to autoradiography. in sections hybridized with the sense probe (data not
shown). When sections were incubated with RNase priorThe radioactivity of the hybridized probe was measured
by computing densitometer (ImageQuant; Molecular to hybridization, no applicable signal was detected.
Dynamics, Sunnyvale, CA, USA).
Histological analysis
In situ hybridization For light microscopy, tissues were fixed in neutral for-
malin and embedded in paraffin, and 2 mm sections wereIn situ hybridization was performed as described pre-
viously [15]. In brief, cryostat sections (5 mm), fixed in stained with periodic acid-Schiff and Azan stain. A semi-
quantitative score was used to determine the extent of4% paraformaldehyde, were treated with 10 mg/ml pro-
teinase K. They were postfixed in 4% paraformaldehyde glomerulosclerosis and tubulointerstitial changes, as de-
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scribed previously [16]. In brief, a glomerular injury score
was obtained by multiplying the severity of damage (0
to 41) by the percentage of glomeruli with that degree
of injury. For tubulointerstitial injury (tubular dilatation,
casts, atrophy, interstitial edema, fibrosis, mononuclear
cell infiltrates), a score was assigned according to the
appropriate proportion of tissue affected (0 to 41). All
sections were evaluated by an observer who was unaware
of the experimental protocol.
Immunohistochemistry
Immunohistochemistry was performed essentially as
described [17]. Paraffin-embedded sections were de-
paraffinized with xylene and graded ethanols. They were
exposed to 3% hydrogen peroxide in methanol for five
minutes to inhibit the endogenous peroxide activity.
Then they were treated with goat serum diluted with
phosphate-buffered saline for 20 minutes to block the
nonspecific staining. The sections were incubated either
with antipanspecific TGF-b neutralizing antibody (rabbit
IgG fraction; R&D Systems, Minneapolis, MN, USA)
or with anticellular FN (ED-A domain) antibody (mouse
IgG fraction; Harlan Sera-Lab, Loughborough, UK) at
48C for three overnights, and were subsequently pro-
cessed using avidin-biotinylated peroxidase complex
method (Vectastain ABC kite; Vector Laboratories
Inc., Burlingame, CA, USA) with 3,39-diamino-benzi-
dine-HCl (DAB) as the chromogen. The sections were
finally counterstained with hematoxylin.
Data analysis
Results are shown as means 6 sd. Data were statisti-
cally analyzed by one-way analysis of variance unless
otherwise indicated. Data from the histological studies
were analyzed by a nonparametric method, the Mann–
Whitney U-test. A level of P , 0.05 was accepted as
statistically significant.
RESULTS
Functional data
The surgical procedure of subtotal nephrectomy was
well tolerated by the rats. The nephrectomized rats were
divided into two groups after two weeks (NX, HWI).
There were no significant differences in the functional
parameters between these two groups at two weeks (Fig.
1). Eight weeks after the nephrectomy, the physical and
Fig. 2. Renal function at eight weeks following subtotal nephrectomy.biochemical parameters were assessed again before sac-
Functional parameters in subtotally nephrectomized rats were mea-
rifice. As shown in Table 1, there were no significant sured at eight weeks after the renal ablation. Abbreviations are: CONT,
sham-operated control; NX, disease control (subtotal nephrectomydifferences in body weight between the CONT and two
without treatment); HWI, subtotal nephrectomy treated with high watergroups of nephrectomized rats (NX, HWI). Kidney
intake. *P , 0.001 vs. CONT; **P , 0.01 vs. CONT; #P , 0.05 vs. NX.
weight was increased as compensatory hypertrophy by
subtotal nephrectomy. The HWI did not make a signifi-
cant change in kidney weight. Water intake and urine
volume were increased in the rats that were given the
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Table 2. Semiquantitative analysis of renal injury at 8 weeks after subtotal nephrectomy
CONT NX HWI
Glomerulosclerosis score 0.04 (0.02–0.10) 1.7 (1.6–1.9)a 1.2 (1.1–1.2)a,b
Tubulointerstitial injury score
Cortex 0 (0–0) 2.5 (2.0–3.5)a 2.0 (1.0–2.5)a
Outer medulla 0 (0–0) 3.0 (2.5–4.0)a 2.0 (1.0–2.0)a,c
Results are shown as the median (25th–75th percentile).
a P , 0.001 vs. CONT
b P , 0.001 vs. NX
c P , 0.05 vs. NX
Fig. 3. Effects of a high water intake on interstitial fibrosis in rats with subtotal nephrectomy (Azan staining, original magnification 3200). Paraffin-
embedded sections of the remnant kidneys at eight weeks following the ablation were used for the histologic analysis. (A) Sham-operated control
(CONT). (B) Subtotal nephrectomy without treatment (disease control, NX), indicating marked interstitial fibrosis with the increase in collagen
accompanied by tubular dilation. (C) Subtotal nephrectomy treated with high water intake (HWI), demonstrating marked reduction in fibrosis,
whereas tubular hypertrophy remained.
3% sucrose water (HWI). There were no significant dif- prove hypertension in subtotal nephrectomy [8]. Our
current data, however, demonstrated that increased wa-ferences in urine urea nitrogen among the three groups,
suggesting that each group received the similar amount ter intake did not reduce systolic blood pressure signifi-
cantly, suggesting that the improvement of renal functionof protein intake. HWI was previously reported to im-
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Fig. 4. Northern blot analysis of TGF-b and fibronectin mRNA expression. (A) Total RNA was isolated from remnant kidneys at eight weeks
after subtotal nephrectomy. Northern blot analysis was performed using 32P-labeled TGF-b and fibronectin (FN) cDNA. Abbreviations are: C,
sham-operated control; N, disease control (subtotal nephrectomy without treatment); H, subtotal nephrectomy treated with high water intake. (B)
The radioactivity of the hybridized probe in hybridized membrane was measured by computing densitometer. Abbreviations are as follows: CONT,
sham-operated control; NX, disease control (subtotal nephrectomy without treatment); HWI, subtotal nephrectomy treated with high water intake.
Results are mean 6 sd of four experiments. *P , 0.01 vs. CONT; #P , 0.01 vs. NX.
by HWI was not due to a reduction of blood pressure injury in subtotally nephrectomized rats, as reported pre-
viously [8]. HWI apparently suppressed interstitial fi-(Fig. 2A). Concerning renal function, creatinine clear-
ance, which was lowered by subtotal nephrectomy, was brosis in the cortex and outer medulla. The effects of
HWI were more prominent in the medullary interstitiumsignificantly improved by HWI at eight weeks (Fig. 2B).
Simultaneously, urinary protein was also reduced sig- than in the cortical interstitium (Table 2). Figure 3 shows
the paraffin-embedded section with Azan stain, whichnificantly by HWI (Fig. 2C). The plasma level of vaso-
pressin (AVP) was significantly increased in NX rats indicates the accumulated collagen. Subtotal nephrec-
tomy caused interstitial fibrosis and tubular hypertrophyand was reduced by HWI treatment, suggesting that the
elevated urinary concentration in NX rats was attenu- in NX rats (Fig. 3B). HWI notably suppressed interstitial
fibrosis (Fig. 3C). These results demonstrate that HWIated by HWI. The renin-angiotensin system was shown
to play an important role in tubulointerstitial injury in predominantly ameliorates interstitial lesions and, to a
lesser extent, glomerular lesions.rats with subtotal nephrectomy [4]. In this study, PRA
was decreased by subtotal nephrectomy and was not
Northern blot analysis of transforming growth factor-bchanged by HWI.
and fibronectin mRNA
Histological analysis We next tried to elucidate the mechanism through
which HWI ameliorated the renal injury in NX rats. WeBy eight weeks, different degrees of renal injury were
evident in the NX rats, and these histopathological focused our attention on TGF-b expression, because this
cytokine has been clearly linked to the development andchanges are summarized in Table 2. The glomeruloscle-
rosis score was significantly higher in NX rats than that in progression of interstitial fibrosis. Figure 4A shows a
Northern blot analysis of TGF-b and FN mRNA. FigureCONT rats. Increased water intake improved glomerular
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Figure 6, bright field photomicrographs of an outer
medulla, demonstrates the pattern of in situ hybridiza-
tion for TGF-b mRNA. Compared with CONT rats, the
hybridization signals were apparently increased in the
kidneys from NX rats (Fig. 6 A, B). The signals were
markedly reduced in HWI rats (Fig. 6C). TGF-b mRNA
seemed to be expressed in tubular epithelial cells and
interstitial cells in tubulointerstitial lesions in NX rats.
In the cortex the signals were more abundantly present
in the glomeruli and interstitium of the kidneys from
NX rats compared with CONT rats (Fig. 7 A, B). In
HWI rats, the TGF-b mRNA signals in the interstitium
of the cortex appeared to be reduced, whereas the reduc-
tion of signals in glomeruli was minimal in HWI rats
(Fig. 7C).
Immunohistochemistry of TGF-b and fibronectin
To determine whether the suppression of TGF-b and
FN by HWI would be observed at the protein level, we
performed an immunohistochemical experiment using
anti–TGF-b and anti-FN antibody. Figure 8 demon-
strates the immunohistochemistry in an outer medulla
using consecutive sections. TGF-b and FN expressionFig. 5. In situ hybridization of TGF-b, fibronectin, and SMIT mRNA
were increased in the interstitium of the remnant kidney,in remnant kidneys. Cryosections of the remnant kidneys at eight weeks
after the nephrectomy were used. In situ hybridization was performed predominantly along the fibrous tissue (Fig. 8 C, D).
using 35S-labeled rat TGF-b, fibronectin (FN), and Na1/myo-inositol
HWI suppressed the TGF-b and FN expression in ne-cotransporter (SMIT) antisense cRNA probes, and autoradiography of
the sections is shown. Abbreviations are: (A) CONT, sham-operated phrectomized rats (Fig. 8 E, F).
control; NX, subtotal nephrectomy without treatment (disease control);
HWI, subtotal nephrectomy treated with high water intake.
DISCUSSION
Subtotal nephrectomy provides a well-characterized
model of progressive noninflammatory glomerulosclero-
4B demonstrates that the abundance of TGF-b mRNA sis accompanied by tubulointerstitial injury that eventu-
was significantly increased fourfold in NX rats. The in- ally leads to renal failure [4, 19]. The scarring process
creased expression of TGF-b mRNA in NX rats was in NX rats evolves in two phases, the first consisting of
significantly blunted by the HWI treatment. FN mRNA a hypertrophic, adaptive response to renal ablation and
was changed in parallel with TGF-b mRNA. the second involving progressive renal fibrosis with glo-
merulosclerosis and tubulointerstitial scarring. Insulin-In situ hybridization of TGF-b, fibronectin, and SMIT
like growth factor-1 (IGF-1) and epidermal growth factormRNA in tubulointerstitial lesions
(EGF) are involved in the first phase, whereas platelet-
To determine the localization of TGF-b and FN derived growth factor (PDGF) and TGF-b play an im-
mRNA expression in NX rats, we performed in situ hy- portant role in the second phase [20].
bridization. Figure 5 shows that TGF-b mRNA was This study demonstrates that HWI effectively reduced
found abundantly in the cortex and outer medulla of the impairment of renal function in rats with subtotal
NX rats. HWI dramatically reduced the TGF-b mRNA nephrectomy (NX). HWI ameliorated tubulointerstitial
expression in remnant kidneys. FN mRNA was changed injury as well as the glomerular lesions, and the effect
in parallel with TGF-b mRNA. It is interesting that was more prominent in the interstitial lesions in NX
SMIT mRNA was also decreased in the cortex and outer rats. These effects may be ascribed to the suppression
medulla by HWI treatment. The levels of TGF-b and of overexpression and/or activation of TGF-b, which is
FN mRNA coincided with that of SMIT mRNA. Because one of the strongest fibrogenic growth factors. TGF-b
SMIT mRNA expression reflects local osmolarity [14, 15, mRNA expression was up-regulated both in the glomer-
18], these results suggest that suppression of hypertonic uli and tubulointerstitium in nephrectomized rats, whereas
stress in the outer medulla may contribute to the de- the HWI reduced TGF-b mRNA expression predomi-
crease in TGF-b mRNA, and consequently, FN mRNA nantly in the interstitium rather than in glomeruli. HWI
might suppress the overexpression of TGF-b mRNA byexpression might be suppressed.
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Fig. 6. In situ hybridization of
TGF-b mRNA in the tubulointers-
titium of an outer medulla (original
magnification 3200). Cryosections
of the remnant kidneys at eight
weeks after the nephrectomy were
used. In situ hybridization was per-
formed using 35S-labeled rat TGF-b
antisense cRNA probe. (A) Sham-
operated control (CONT). (B) Sub-
total nephrectomy without treat-
ment (disease control, NX). (C)
Subtotal nephrectomy treated with
high water intake (HWI).
Fig. 7. In situ hybridization of
TGF-b mRNA in glomeruli (origi-
nal magnification 3200). Cryosec-
tions of the remnant kidneys at
eight weeks after the nephrectomy
were used. (A) Sham-operated con-
trol (CONT). (B) Subtotal ne-
phrectomy without treatment (dis-
ease control, NX). (C) Subtotal
nephrectomy treated with high wa-
ter intake (HWI).
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Fig. 8. Immunohistochemical staining for TGF-b and fibronectin in the tubulointerstitium of an outer medulla (original magnification 3400).
Paraffin-embedded sections of the remnant kidneys at eight weeks following the ablation were used for the immunostaining of TGF-b (A, C, E)
and fibronectin (B, D, E). (A, B) Sham-operated control (CONT). (C, D) Subtotal nephrectomy without treatment (disease control, NX). (E, F)
Subtotal nephrectomy treated with high water intake (HWI).
a reduction of hyperosmolarity in the tubulointerstitial TGF-b mRNA level in vitro, we observed the effects of
hypertonic stress only within 48 hours. Long exposurecompartment in vivo, although the precise mechanism
still remains to be elucidated. to hypertonic stress in vivo could up-regulate TGF-b
mRNA in an autocrine manner. Although accelerationWe have recently reported that hypertonicity activated
latent TGF-b to the biologically active form in normal of tissue healing is an important role of TGF-b in the
process of recovery from tissue damage, the overexpres-rat kidney (NRK) cells in culture [21]. We speculated
that hypertonicity might activate latent TGF-b, and the sion of TGF-b causes tissue fibrosis and eventually leads
to an irreversible loss of functional cells. The HWI, whichactivated TGF-b could act in an autocrine manner and
consequently might up-regulate TGF-b mRNA expres- reduced the osmolarity in tissues of remnant kidneys,
may blunt the TGF-b production as well as the activationsion in vivo. Although hypertonicity did not affect the
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of latent TGF-b in the development of the scarring pro- by HWI. These results suggest that HWI reduced hyper-
tonic stress in the TAL of remnant kidneys.cess.
In summary, we found that HWI ameliorated tubulo-The nephrectomized rats with HWI increased the kid-
interstitial injury, at least in part, by the suppressionney weight and the size of glomeruli and tubules, im-
of TGF-b mRNA in NX rats. This effect resulted inplying that renal and glomerular hypertrophy occurred.
attenuating the decline in renal function. These resultsTGF-b is known to play a major role for renal hypertro-
will throw light on the therapeutic application of HWIphy in the nephrectomized rats but is not a single growth
to the suppression of the renal interstitial injury in pro-factor that induces renal hypertrophy. Other growth fac-
gressive renal diseases.tors, for instance, EGF, IGF-1, and angiotensin II, may
also induce renal hypertrophy [4, 20]. Reprint requests to Atsushi Yamauchi, M.D., The First Department
The protective effect by HWI has been ascribed to an of Medicine, Osaka University School of Medicine, 2-2 Yamadaoka,
Suita, Osaka 565, Japan.inhibition of the process of urinary concentration [8].
E mail: kidney@medone.med.osaka-u.ac.jpChronic stimulation of the urinary concentration process
and/or chronic stimulation of AVP leads to renal mor-
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